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Background: Taihu Lake is a typical plain eutrophic shallow lake. With rapidly economic development of the lake
area, the petroleum products and oil wastewater produced in various processes have been inevitably discharged
into Taihu Lake. As the major fresh water resource in the economically developed region of Yangtze River Delta, the
water quality and environmental condition of Taihu Lake have the direct bearing on the natural environment and
sustainable development of economy in this region. For this reason we carried out the study to explore the
composition, distribution characteristics and sources of petroleum contaminants in Taihu Lake. The aim of this
study was to provide the basis for standard management and pollution control of the Taihu Lake environment.
Results: The result showed that water samples from near industrial locations were of relatively higher petroleum
contaminants concentrations. The oil pollutants concentrations in different areas of Lake Taihu ranged from 0.106
mg/L to 1.168 mg/L, and the sequence of total contents distribution characteristics of petroleum pollutants from
high to low in different regions of Taihu Lake was: “Dapu”, “Xiaomeikou”, “Zhushan Bay”, “Lake center”, “Qidu”. The
results showed that total concentrations of n-alkanes and PAHs ranged from 0.045 to 0.281 mg/L and from 0.011 to
0.034 mg/L respectively. In the same region, the concentrations of hydrocarbon pollutants in the surface and
bottom of the lake were higher than that in the middle.
Conclusion: This paper reached a conclusion that the petroleum contaminants in Taihu Lake mainly derived from
petroleum pollution caused by human activities as indicated by OEP, bimodal distribution, CPI, Pr/Ph ratio, the
LMW/HMW ratio and other evaluation indices for sources of n-alkanes and polycyclic aromatic hydrocarbons (PAHs).
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Taihu Lake is one of the five largest freshwater lakes
in China, and it is a typical plain eutrophic shallow
lake. As the major fresh water resource in the economi-
cally developed region of Yangtze River Delta, the water
quality and environmental condition of Taihu Lake have
direct influence on the natural environment and sustai-
nable development of economy in this region [1]. With
rapidly economic development of the lake area, the pet-
roleum products and oil wastewater produced in the
process of oil processing, transportation and application
of various refined oil have been inevitably discharged
into Taihu Lake.* Correspondence: guojx002@163.com
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reproduction in any medium, provided the orPetroleum is a complex mixture mainly composed of
hydrocarbons, in which most of alkanes are proved to be
narcotic and irritant, and most of PAHs have strong to-
xicity, carcinogenicity, teratogenicity and mutagenicity
[2,3]. The large amount of oil pollutants in water environ-
ment will cause serious pollution to the water ecosystems
and direct harm to the health of the living creatures and
human bodies [4].
The content of petroleum pollutants is one of the
parameters evaluating the water quality and its impact is
increasingly important [5]. At present, the research on
petroleum pollutants in Taihu is rarely reported, and
most of the reports mainly focused on the analysis of
PAHs in surface sediments of Taihu Lake [6-8]. Few
studies have been reported on petroleum contaminants
in the whole water system of Taihu Lake. Taking Taihu
Lake, which is one of the five largest lakes in China [9],
as the research object, this paper systematically studiedLtd. This is an Open Access article distributed under the terms of the Creative
commons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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of petroleum pollutants in Taihu Lake by means of in-
frared spectrophotometry stipulated in Surface Water
Quality Standards (GB/T 16488–1996 in China) [10] and
gas chromatography–mass spectrometry in order to pro-
vide basic information for standard management and pol-
lution control of the lake environment.Experimental methods
Instruments and reagents
Instruments
Agilent 7890A/5975C GC/MS; OIL-20A infrared lumi-
nosity analyzer; rotary evaporator; separatory funnel; glass
adsorption column.Reagents
Carbon tetrachloride (analytical pure).
Standard indicators (all chromatographically pure):
internal standard indicators: deuterated n-tetracosane
(0.15 μg/μL);deuterated dibenzothiophene (0.103 μg/μL);
recovery indicators: 5α-androstane (1.00 mg/mL);deute-
rated acenaphthene (0.40 mg/mL). Anhydrous sodium
sulfate (heated for 2 hours under 300°C and cooled
down to room temperature), sodium chloride, dichloro-
methane (all analytical pure).Sampling and analysis
Collection of water samples
Water samples were collected and preserved according
to the methods of surface water and wastewater moni-
toring specifications (HJ/T 91–2002, China) [11]. Five
representative sampling points in the whole region of
Taihu Lake were selected. The distribution of sampling
sites in Lake Taihu is shown in Figure 1.Pretreatment of water samples
The recovery indicators of 5α-androstane and deuterated
acenaphthene were added into the water sample before
extracting and concentrating [12]. Water sample of spe-
cific volume was poured into a 1000 mL separatory fun-
nel. 50 mL dichloromethane was added into the
sampling bottle, and the sample bottle was shaken for
30 s to wash its inner surface. The solvent was then
transferred into the separatory funnel, which then stand
still for layering after a full vibration about 3 minutes.
And then dichloromethane of 20 mL were used to
extract the sample twice [13]. Na2SO4 was added to the
extract liquid for removing traces of water. Finally, the
extract liquid in magnesium silicate column was concen-
trate to 5 mL by use of a rotary evaporator and nitrogen
purge.Determination of the total content of petroleum
contaminants
The total content of petroleum contaminants in Taihu
Lake was determined by infrared spectrophotometry sti-
pulated in Water quality determination of petroleum oil,
animal and and vegetable oils-Infrared photometric
method (GB/T 16488–1996 in China) [10].
OIL-20A infrared luminosity analyzer was adopted in
the determination of the total content of petroleum con-
taminants. The principle of the analyzer is nondispersive
infrared analysis.
After pretreatment, the filter liquor after adsorbed
by magnesium silicate column was measured by OIL-20A
infrared luminosity analyzer. The absorption of the fil-
ter liquid was measured, then the analyzer converted
the absorption into the total content of petroleum
contaminants.GC/MS analysis
The internal standards n-C24D50 and deuterated diben-
zothiophene of n-alkanes and PAHs were added respecti-
vely into the concentrated liquid; finally the concentrated
liquid was separated by GC/MS and analyzed quantita-
tively by internal standard method.
The column used was HP-5MS flexible quartz capil-
lary (60 m× 0.25 mm× 0.25 μm). The column was held at
50°C for 1 min, heated to 300°C at a rate of 10°C/min,
and held for 20 min. Helium was used as the carrier gas,
and the flow rate was maintained at 1 mL/min. The
splitting ratio was 50/1 and the temperature of injection
port was 290°C. The holding time of solvent was 4 min.
The mass range scanned was from 35 to 500 amu under
full scan acquisition mode.
The qualitative analysis browser – Qual Browser was
adopted to analyze the chromatograms obtained by GC/MS
method. The chormatograms were intergrated after
being activated, then the compositions and relative con-
tents of petroleum contaminants in the water samples
were calculated using the square penks normalizaion of
the intergral regions.Results and discussion
Determination of total content of petroleum
contaminants
Table 1 shows the concentrations of petroleum contami-
nants in water samples from different sampling points
of Taihu Lake. The distribution of petroleum contami-
nants in the surface water of Taihu Lake is characterized
by the sequence S10 (Dapu)>S11 (Xiaomeikou)>S16
(Zhushan Bay)>S8 (Lake center)>S24 (Qidu). The range
of the total concentration (average concentration) was
from 0.106 mg/L to 1.168 mg/L and the mean value was
0.572 mg/L.
Figure 1 The distribution of sampling sites in Taihu Lake. The distribution of sampling sites in Taihu Lake is shown in Figure 1, the sampling
sites were S8: Lake center, S10: Dapu, S11: Xiaomeikou, S16: Zhushan Bay, and S24: Qidu. The water samples from different water levels in the
sampling site S16 were also collected: S16-1: 1 m below the water surface, S16-2: 2 m below the water surface of S16.
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Taihu near Dapukou, and the Yili River region belongs
to a region with relatively more developed economy, and
the stream of Yili River carries pollutants with high con-
centrations discharged from industrial and living areas
in the region into the Taihu Lake, which causes the con-
centration of oil pollutants in Dapu of Taihu Lake to be
the highest of all.
As there are fewer human activities in East Taihu Lake
area, the lake area has a relatively better water quality,
and the experimental results also show that the concen-
tration of oil pollutants in Qidu is the lowest.
Zhushan Bay is one of the most seriously eutro-
phicated areas in Taihu Lake, and its water pollution
is relatively more serious with the content of oilTable 1 The content of total petroleum contaminants detecte
Sampling points S8 S10 S11
Concentration 0.380 1.150 0.640
0.370 1.116 0.712
0.372 1.238 0.718
Average concentration 0.374 1.168 0.690
RSD(%) 1.41 5.39 6.29
Recovery (%) 92.10 86.85 75.50
Note:
S8:Lake center; S10: Dapu; S11:Xiaomeikou; S24: Qidu; S16: Zhushan Bay; S16-1: 1 m
(the bottom of S16).
A series of parallel tests (three times for each sample) were carried out to determin
total petroleum contaminants in different water samples were calculated, and the rpollutants exceeding the limit value of oil Class IV in
Surface Water Quality Standards [14]. After a period
of volatilization, diffusion and degradation of the oil
pollutants in the lake, the content of oil pollutants at
the central lake is relatively lower than that at each
entrance of the lake. At different water levels of the
same sampling site (S16, S16-1, S16-2), the highest
concentration of petroleum contaminants was in the
bottom layer (S16-2), followed by that in the surface
layer (S16), and that in the middle layer (S16-1) was
the lowest. That is closely related with the properties
of petroleum such as its high volatility, light density,
high diffusivity and so on. The bottom layer has the
highest concentration of petroleum hydrocarbons of
1.606 mg/L, it is mainly caused by the desorption ofd by infrared photometric method (unit: mg/L)
S24 S16 S16 -1 S16-2
0.106 0.578 0.210 1.572
0.110 0.448 0.248 1.590
0.101 0.546 0.232 1.656
0.106 0.524 0.230 1.606
4.37 12.93 8.30 2.75
107.16 83.30 101.40 111.20
below the water surface of S16; S16-2: 2 m below the water surface of S16
e the contents of the total petroleum contaminants.The average content of
ange is from 0.106 mg/L to 1.168 mg/L.
Figure 2 The total ion chromatograms of the water samples from different sampling points. The total ion chromatograms of the water
samples obtained by GC/MS from S8, S10, S11, S24, S16, S16-1 and S16-2 are shown in Figure 2.
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ments under certain conditions [15].Figure 3 The concentrations of petroleum-type pollutants in
the water samples collected in different regions. The
concentrations of petroleum-type pollutants in the water samples
from S8, S10, S11, S24, S16, S16-1 and S16-2 is shown in Figure 3,
petroleum contaminants species shown in Figure 3 include
n-alkanes, benzene series, PAHs and hydrocarbons.GC/MS analysis
The petroleum contaminants in Taihu Lake were ana-
lyzed by GC/MS. The qualitative analysis showed that
toxic organic pollutants in the water body were high,
and the content of phthalic acid esters was the highest
among all the organic pollutants. The organic pollutants
included ethyl benzene, phthalic acid esters and PAHs
which are belonging to the US EPA priority pollutants,
and the toxic organic compounds included ethyl ben-
zene, xylene, naphthalene, fluoranthene, benzo fluoran-
thene, benzo(a)pyrene, benzo(g,h,i)perylene belonging to
China’s "preferentially controlled pollutants in water".
These petroleum toxic substances have a relative long-
term environmental impact, and generally are difficult to
be degraded by micro-organisms in water, while easy to
be absorbed by organisms. These toxic substances can
gradually gather in the living bodies through the process
of food chain, thus causing harm to human health.
The chromatograms of the water samples obtained by
GC/MS are shown in Figure 2. The compositions and
relative contents of petroleum contaminants in the water
samples were calculated using the square peaks normali-
zaion of the intergral regions.
The results of quantitative analysis of water samples in
Taihu are shown in Figure 3. It can be seen that the con-
tent of benzene series compounds in oil contaminants
was the highest, followed by n-alkanes and PAHs was
the least, and the concentrations of the three ranged
from 0.168 to 0.875 mg/L, 0.045 to 0.281 mg/L and
0.011 to 0.034 mg/L, respectively.Distribution characteristics of n-alkanes
The total contents of n-alkanes in Taihu water were in
the following order: “Dapu”>“Xiaomeikou”>“Zhushan
Bay”>“Qidu”>“Central Lake” and the results are pre-
sented in Figure 4. N-alkanes are the main component
of petroleum hydrocarbons, and they are usually re-
garded as a classic organic geochemistry indices to dis-
tinguish biology, geological origin and artificial pollution
[16].
Figure 4 shows the composition distribution character-
istics of n-alkanes in Taihu Lake water. The content of
n-alkanes on the bottom layer is the highest, followed by
that on the surface layer and that on the middle layer is
the lowest. Their mass concentrations were 0.139 mg/L,
0.089 mg/L and 0.054 mg/L respectively. The carbon
number distribution of n-alkanes in Taihu Lake water
ranged from C8 to C33. The composition distribution of
n-alkanes in water ranged between 0.360-34.560 μg/L in
sampling site S10, 0.900-21.600 μg/L in S11, 0.297-10.197 μg/L in S16, 0.150-6.000 μg/L in S24 and 0.525-
6.000 μg/L in S8, respectively.
Relevant research showed that the n-alkanes derived
from the oil, automobile exhaust and fossil fuel combus-
tion are mainly low carbon aliphatic hydrocarbons, the
dominant carbon number is C20 or C21 and the carbon
number distribution displayed single peak distribution
without odd-even predominance (OEP) [17]. The n-
alkanes derived from terrestrial higher plants have long
carbon chains (C27-C33), the carbon number distribu-
tion usually was single-peak state with significant advan-
tage of odd carbon and it mainly takes C27, C29 or C31
as main peaks [18]. The n-alkanes derived from the low-
level organisms such as algae, plankton and bacterial
have relatively short carbon chains and the main peaks
are C15, C17 or C19. The carbon number distribu-
tion showed a single-peak pattern without obvious odd-
even predominance and high carbon numbers (>C25),
and the bimodal distribution is considered to be mixed
sources.
We can infer the sources of n-alkanes in water based
on different characteristics [19]. Figure 4 illustrates that
the distributions of n-alkanes showed a single-peak pat-
tern without OEP, which is characteristic for the type of
crude oil pollution [20]. In the bottom lake water of
Zhushan Bay (S16), n-alkanes showed a bimodal distri-
bution, indicating that in addition to the input from pol-
lution sources of petroleum hydrocarbon, there is also
input from natural organisms.
To further explore the source of n-alkanes in water,
the molecular characteristic indicators of n-alkanes in
Taihu Lake water were investigated and the results are
presented in Table 2.
Figure 4 The compositions of n-alkanes in the different water samples from Taihu Lake. The compositions of n-alkanes in water samples
from S8, S10, S11, S24, S16, S16-1 and S16-2 are shown in Figure 4, and the carbon number of n-alkane in each water sample is also shown in
Figure 4.
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Table 2 Evaluation indices of n-alkanes for water from Lake Taihu
Sampling points Main peak carbon Carbon number distribution CPI OEP Pr/Ph Pr/C17 Ph/C18
S8 16 11-28 0.96 0.71 0.54 0.73 1.27
S10 20 8-33 1.11 1.03 0.60 0.54 0.59
S11 15,25 8-30 1.14 1.09 0.87 0.59 0.88
S24 18 8-29 0.68 0.85 1.29 0.47 0.35
S16 16 8-31 1.00 0.90 1.00 0.53 0.60
S16-1 15 8-29 1.27 1.43 0.91 0.59 0.69
S16-2 16 8-31 1.41 0.51 1.00 0.43 0.75
Note:
CPI: Carbon predominance index; OEP: Odd-even predominance; Pr: Phytane; Ph: Pristane.
The evaluation indices of n-alkanes include main peak carbon, carbon number distribution, CPI, OEP, Pr/Ph, Pr/C17, Ph/C18, from these indices, the source of
n-alkanes in Taihu Lake water can be explored.
Figure 5 The compositions of BTEXs in the different water
samples. The compositions of BTEXs in water samples from S8, S10,
S11, S24, S16, S16-1 and S16-2 are shown in Figure 5. Benzene series
shown in Figure 3 include ethyl benzene, xlyene, cumene, C3-
benzene, C4-benzene and C5-benzene.
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determine the source of n-alkanes [21]. Cmax is general-
ly taken as a sign of the source and maturity of organic
substances: Cmax is lower than C20 in organic sub-
stances with high maturity while higher than C25 in or-
ganic substances with low maturity. The fossil fuels
(coal, oil, etc.) used by human generally have high ma-
turity and the n-alkanes from the fossil fuels have a rela-
tively low Cmax, while n-alkanes in higher plant are
characterized by high Cmax. The main peak carbon
number of n-alkanes in Taihu Lake water is relatively
low, so the sources of alkanes are from high-maturity oil
and its product as pollutants.
Carbon predominance index (CPI) can be used to in-
dicate the relationship between biogenic origin and
anthropogenic origin [22]. Generally speaking, the CPI
value of human origin is close to 1, while most of the
CPI values with plant origin are larger than 3 [23]. The
CPI values of n-alkanes in Taihu Lake water ranged from
0.68 to 1.27, indicating that the anthropogenic activities
is the major causes of petroleum hydrocarbon pollution
in Taihu Lake.
Pristane (Pr) and phytane (Ph) are also important in-
dicators of petroleum hydrocarbon contamination. The
Pr/Ph ratio between 40 and 70 is the characteristic indi-
cation of biogenic hydrocarbon contamination; when the
Pr/Ph is in the range of 1 to 3, to a certain degree, it
reflects the man-made pollution of oil and its products
[24]. When the values of Pr/C17 and Ph/C18 are rela-
tively small, it is mainly from anthropogenic sources
[25]. The ratios of Pr/Ph in this study range from 0.54 to
1.29, the ratios of Pr/C17 and Ph/C18 range from 0.43
to 0.73 and 0.35-1.27 respectively, and the ratios are all
relatively small (Table 2), which further indicates exist-
ence of petroleum hydrocarbon contamination.
Based on the above analysis, the petroleum hydrocar-
bon contamination in Taihu Lake is mainly the result of
human pollution, which is very serious and will last a
long time. It is necessary to carry out well-designed
management and control measures on pollution in TaihuLake water according to different degrees of pollution in
different regions.
Distribution characteristics of BTEXs
Benzene series (BTEXs) are mainly from the waste
water discharged by petrochemicals, organic chemicals,
coking chemical industry and so on. The priority
controlled pollutants of BTEXs in the water environ-
ment include benzene, toluene, ethyl benzene, xylene,
m-xylene, o-xylene, cumene and styrene. The total con-
tents of benzene series in oil pollutants is in the order
of S16>S11>S8>S24>S10. The contents sequence of
benzene series in different levels of the same area is: the
surface water(S16)>the bottom layer (S16-2)>the middle
the lake (S16-2) (Figure 5).
“Standard Limits for Specific Items in Water head
Area of Surface Water in Centralized Drinking Water”
[14] stipulates that the concentrations of benzene, to-
luene, ethyl benzene, xylene, cumene and styrene should
not exceed 0.01 mg/L, 0.7 mg/L, 0.3 mg/L, 0.5 mg/L,
Table 3 Species and content of PAHs in different water samples (unit: μg/L)
PAHa S8 S10 S11 S24 S16 S16-1 S16-2
NaP 4.075 3.899 8.240 2.715 11.961 8.498 16.480
MNa 6.016 5.128 8.240 2.060 7.310 4.378 10.300
DMNa -b 6.599 6.523 2.435 11.629 4.635 6.850
TMNa - - - - - - 5.562
AcP 0.284 0.368 0.343 0.094 0.332 0.258 1.030
Methyl biphenyl - 0.294 - - - - -
Phe - 0.147 0.343 0.468 0.831 0.515 4.120
MPhe 1.716 0.368 1.717 1.217 0.598 1.030 1.133
DMPhe - - 0.721 1.966 0.764 1.030 2.060
Flu - 0.066 - - 0.199 0.335 1.030
FL 0.149 0.294 1.030 0.187 0.066 0.077 0.927
Pyr 0.448 0.221 0.687 0.159 0.033 0.052 0.618
BaA - - 0.343 0.094 0.033 0.026 0.206
Chr - - 0.412 0.066 0.133 0.052 0.618
BbFL - 0.007 - - 0.033 - 0.618
BaP - 0.066 - - - - 0.082
BghiP - - - - - 0.026 0.041
DBA - 0.037 - - - - 0.072
Total 12.688 17.495 28.600 11.461 33.924 20.912 51.747
Note:
a NaP: naphthalene, MNa: methylnaphthalene, DMNa: Dimethylnaphthalene, TMNa: trimethyl-NaP, AcP: acenaphthene, Phe: phenanthrene, MPhe:
methylphenanthrene, Flu: fluorene, FL: fluoranthene, Pyr: pyrene, BaA: benz[a]anthracene, Chr: chrysene, BbFL: benzo[b]fluoranthene, BaP: benzo[a]pyrene, DBA:
dibenzo[a,h]anthracene, BP: benzo[ghi]perylene.
b Not detected.
The species and contents of PAHs in different water samples are shown in Table 3.
Figure 6 Distribution of 2-, 3-, 4, 5-, 6-ring and total PAHs in
different water samples. The distribution of 2-, 3-, 4, 5-, 6-ring and
the total contents of PAHs in water samples from S8, S10, S11, S24,
S16, S16-1:and S16-2 are shown in Figure 6.
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Figure 5, benzene, toluene and styrene have not been
detected in oil pollutants of Taihu Lake, and the de-
tected benzene series were mainly C3-benzene, C4-
benzene. The content of cumene ranged from 0.032 to
0.191 mg/L which were all lower than the standard limits.
The concentration of xylene was in the range of not
detected (ND~0.014 mg/L) It was also much smaller than
the environmental standard limits.
Distribution characteristics of PAHs
PAHs are the organic compounds widely distributed in
river and lake environment, which mainly come from
the pollution brought by human activities and energy
use (such as oil source, the incomplete combustion of
fossil fuels). The total content of PAHs detected in Taihu
Lake water ranged from 11.461 to 33.924 μg/L with the
average value of 20.934 μg/L. The distribution characte-
ristics of PAHs are shown in Table 3.
Zhushan Bay is connected with the lake inlet of Taige
Canal, Yin Village Bay and Caoqiao River which carried
high-concentration pollutants discharged by the nearby
industrial areas. So the maximum content of PAHs is at
S16 among different areas of Taihu Lake water. The totalcontent of PAHs at site S11 is about 28.600 μg/L which
is followed by S10 and S8 (17.495 μg/L and 12.688 μg/L
respectively), and the content of PAHs at S24 was the
lowest (0.011 μg/L). The distribution feature of PAHs in
Table 4 Evaluation indices of PAHs for the water from Lake Taihu
Index Combustion sources Sources of oil pollution Lake water
Phe/Anta Less than 10 Greater than 15 Greater than 15
Chr/BaA less than 1 Greater than 1 0.70-4.03
Flu/(Flu + Pyr) Greater than 0.4 Less than 0.4 0.25-0.67
IP/(IP + BghiP) Less than 0.2 Less than 0.2 -b
LMW/HMW Low High 10.57-112.84
Note:
a: Phe: Phenanthrene; Ant: Anthracene; Chr: Chrysene; BaA: Benz[a]anthracene; Flu: fluoranthene; Pyr: pyrene; IP: Indenoindenes; BghiP: Benzo[ghi]perylene;
LMW/HMW: The ratio of 2-ring and 3-ring PAHs to 4-ring PAHs.
b: Not detected.
The evaluation indices of PAHs in Lake Taihu are shown in Table 4, these indices include Phe/Ant, Chr/BaA, Flu/(Flu + Pyr), IP/(IP + BghiP) and LMW/HMW, from
which the sources of PAHs can be distinguished
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middle layer. The PAHs on the bottom layer have the
most varieties and the highest content. As a typical
shallow lake, the content of PAHs in sediments of Taihu
Lake has some effect on the bottom water body, and
the distribution of PAHs in Taihu Lake water is roughly
consistent to the trend of PAHs in surface layer sedi-
ments [26].
Figure 6 shows the distribution of 2-, 3-, 4, 5-, 6-ring
and total PAHs in water. PAHs in the water of Taihu
Lake are mainly low-ring aromatic hydrocarbons with 2
rings or 3 rings, while the high-ring aromatic hydrocar-
bons with 4 to 6 rings are relatively few. The upper limit
value of benzo(a)pyrene is 2.80 ng/L stipulated in China’s
Surface Water Environmental Standard. In the various
sampling sites of Taihu Lake, only at site S16 and S10
were detected to have benzo(a)pyrene whose content ex-
ceeded the limited value.
PAHs from different sources have different types and
different distribution characteristics. The man-made
sources mainly refer to oil pollution and combustion
source, and it is difficult to completely distinguish them
in the environment. At present, the two sources of PAHs
are mainly distinguished by utilizing characteristic com-
pound index, including the ratios of Phe/Ant, Chr/BaA,
Flu/Pyr, Flu/(Flu + Pyr), IP/(IP + BghiP), LMW/HMW,
etc. [27].
Typically, low molecular weight PAHs with 2 to 3
rings are from oil contamination, while high molecular
weight PAHs with 4 to 6 rings are from the pyrolysis of
fossil fuels [28]. Table 4 shows the evaluation indices of
PAHs for the water from Lake Taihu. The Phe/Ant ratios
are larger than 15 and the LMW/HMW (the proportion
of 2-ring and 3-ring PAHs to 4-ring PAHs) in Taihu
Lake water is relatively high, which indicates that the
PAHs in Taihu Lake water mainly came from oil pollu-
tion, it is reasonable to relate this to the busy water
transport system in this region. The results of Chr/BaA
and Flu/(Flu + Pyr) ratios showed a mixture of petrol-
eum and combustion contamination.The petroleum pollutants have many ways of migra-
tion in the water and they are easy to spread and
transfer. However, natural factors have very limited
degradation effect on the oil pollutants, and the oil
pollutants are difficult to do self-purification in the
environment, thus resulting in accumulation of pollu-
tion which is difficult to recover [29]. In the process
of standardization and management of surface water
quality, the key to control oil pollution is mainly to
prevent it; to reasonably control the oil content of the
rivers into the lake will help reduce oil pollution in
Taihu Lake. As oil pollution is relatively serious at the
bottom of the water body, to regularly dredge the bot-
tom sediment in Taihu Lake is also conducive to the
control of oil pollution in Taihu Lake.
Conclusion
The water pollution was relatively serious in the river
entrance into the lake, and the content of petroleum
pollutants exceeded the limit value of oil Class IV in
Surface Water Quality Standards [14]. According to the
sources apportionment of n-alkanes and PAHs, it can be
concluded that the n-alkanes pollution was mainly the
result of human pollution and the PAHs contamination
in Taihu Lake was the result of both petroleum pollution
and combustion.
The petroleum contamination in Taihu Lake water
was mainly from oil discharge and the combustion of
fossil fuel such as coal, oil and others. For the purpose
of improving the water quality of Taihu Lake, we should
vigorously promote the scientific treatment of oily was-
tewater, strengthen the management of lake pollution,
focus on the control over pollution sources such as the
industrial and household sewage, oily waste water from
the vessels and so on, and timely dredge the sediment in
the seriously polluted areas.
Abbreviations
AcP: Acenaphthene; Ant: Anthracene; BaA: Benz[a]anthracene; BaP: Benzo[a]
pyrene; BbFL: Benzo[b]fluoranthene; BP: Benzo[ghi]perylene; Chr: Chrysene;
Cmax: Main peak carbon number; CPI: Carbon predominance index;
Guo et al. Chemistry Central Journal 2012, 6:92 Page 10 of 10
http://journal.chemistrycentral.com/content/6/1/92DBA: Dibenzo[a,h]anthracene; DMNa: Dimethylnaphthalene; FL: Fuoranthene;
Flu: Fluoranthene; GC/MS: Gas Chromatography and Mass Spectrometry;
IP: Indenoindenes; LMW/HMW: The ratio of 2-ring and 3-ring PAHs to 4-ring
PAHs; MNa: Methylnaphthalene; MPhe: Methylphenanthrene;
NaP: Naphthalene; OEP: Odd-even predominance; PAHs: Polycyclic aromatic
hydrocarbons; Ph: Phytane; Phe: Phenanthrene; Pr: Pristane; Pyr: Pyrene;
TMNa: Trimethyl-NaP.
Competing interests
The authors declare that they have no completing interests.
Authors’ contributions
All authors designed the study. All authors contributed to data ananlysis and
to finalizing the manuscript, all authors have read and approved the final
version.
Acknowledgements
The authors would like to thank the National Basic Research Program of
China 973 for financial support under Contract No.2008CB418204.
Author details
1Enhanced Oil Recovery Institute, China University of Petroleum, Beijing
102249, Peoples Republic of China. 2Tianjin Chen Li Technology Corporation,
Ltd, Tianjin 300400, People Republic of China.
Received: 18 May 2012 Accepted: 28 August 2012
Published: 31 August 2012
References
1. Hu XZ, Guang YS, Cheng S: Distribution of organic contaminants in Lake
Taihu. Water Res 1996, 30:2003–2008.
2. Ruey-an D, Yu TL: Characterization and distribution of polycyclic aromatic
hydrocarbon contaminations in surface sediment and water from
Gao-ping River, Taiwan. Water Res 2004, 38:1733–1744.
3. Falahudin D, Khozanah MK, Arifin Z, Wagey GA: Distribution and sources of
polycyclic aromatic hydrocarbons (PAHs) in coastal waters of the Timor
Sea. Coastal Marine Science 2012, 35:112–121.
4. Zhang XJ, Ji W, Kang ZJ: Harmfulness of petroleum pollutants in water
and its treating techniques. Petrochemical Technology & Application 2009,
27:181–186.
5. Guo GH, Wu FC, He HP, Zhang RQ, Feng CL, Li HX, Liao HQ, Zhao XL:
Ecological risk assessment of PAHs in the Meiliang Bay, Gonghu Bay,
and Xukou Bay of Taihu Lake. Acta Sciectiae Circumstantiae 2011,
31:2804–2813.
6. Chen Y, Yin Y, Wang X: PAHs and polychlorinated biphenyl in surface
sediments of Taihu Lake: the distribution, sources and risk assessment.
China Environmental Science 2009, 29:118–124.
7. Zhang L, Cheng X: Sources of PAHs (PAHs) in the sediments of the Yili
river system in Lake Taihu. Geochimica 2003, 32:124–130.
8. Zhong WJ, Wang DH, Xu XW, Luo Q, Wang BY, Shan XQ, Wang ZJ:
Screening level ecological risk assessment for phenols in surface water
of the Taihu Lake. Chemosphere 2010, 80:998–1005.
9. Bao LJ, Maruya KA, Snyder SA, Zeng EY: China’s water pollution by
persistent organic pollutants. Environ Pollut 2012, 163:100–108.
10. Ministry of Environmental Protection of the People’s Republic of China:
Water quality determination of petroleum oil, animal and and vegetable
oils-Infrared photometric method. Beijing, China; 1996 (GB/T 16488-1996).
11. Ministry of Environmental Protection of the People’s Republic of China:
Technical specifications requirements for monitoring of surface water and
wastewater. Beijing, China; 2002 (HJ/T91-2002).
12. Guo W, He M, Yang Z: The quantitative analysis and quality control of oil
pollution in water and sediments. Environmental Chemistry 2006,
25:651–652.
13. Xue S: The Characteristics of Sediments Polluted by Petroleum & Effect on the
Quality of Water Source. Master degree thesis. Xi'an University of Architecture
and Technology; 2003.
14. Ministry of Environmental Protection of the People’s Republic of China:
Environmental quality standards for surface water. Beijing, China; 2002. GB
3938–2002.
15. Huang LX, Liao SB: The distribution characteristics of oil in water and
sediment from Yuexi sea. Marine Environmental Science 1984, 3(3):35–38.16. Lu B, Pan JM, Wang ZP: The composition indexes of n-alkanes in
sediments and study on paleo environment in the Arctic. Acta Ocean
ologica Sinica 2002, 24:34–48.
17. Pavlova A, Papazova D: Oil-spill identification by gas chromatography–
mass spectrometry. Chromatogr Sci 2003, 41:271–273.
18. Jaffe R, Cabrera A, Carrero H: Organic compounds and heavy metals in
the atmosphere of the city of Caracas, Venezuela-I: atmospheric
particles. Water Air Soil Pollut 1993, 71:93–313.
19. Tang G, Sheng G, Fu J: Research of pollution source markers and its
signficance. China Environmental Science 1996, 16:221–227.
20. Zhu C, Pan JM, Lu B: Compositional feature of n-alkanes in modern
sediments from the Changjing Estuary and adjacent area and its
implication to transport and distribution of organic carbon. Acta
Oceanologica Sinica 2005, 27:59–67.
21. Li Q: The composition characteristics of n-alkanes in snow and ice from
Tibetan Plateau and their environmental significance. Scinence in China
2009, 39:1279–1287.
22. Wang CY, Wang WC, He SJ, Du JG, Sun ZG: Sources and distribution of
aliphatic and polycyclic aromatic hydrocarbons in Yellow River Delta
Nature Reserve, China. Appl Geochem 2011, 26:1130–1336.
23. Gong P: The characteristics of n-alkanes and fatty acids in Yellow River
Estuary. China Ocean University: Master degree thesis; 2005.
24. Ou SM, Zheng JH, Zheng JS: Petroleum hydrocarbons and PAHs in
surface sediments in Xia men Harbout and Yuan dang Lake. Marine
Environmental Science 2003, 22:49–53.
25. Peters KE, Moldowan JM: In The Biomarker Guide. Edited by Jiang N, et al.
Beijing, China: Beijing Petroleum Industry Press; 1995:294–298.
26. Tong BF, Liu L, Liu X: Studies on PAHs in water, suspended particular
matter and sediment of Yuyuantan Lake, Beijing. China Environmental
Science 2007, 27:450–455.
27. Yunker MB, Macdonald RW, Vingarzan R: PAHs in the Fraser River basin, a
critical appraisal of PAH ratios as indicators of PAH source and
composition. Org Geochem 2002, 33:489–515.
28. Yuan DX, Yang DN, Terry LW: Status of persistent organic pollutants in
the sediment from several estuaries in China. Environ Pollut 2001,
11:101–111.
29. Yue WL, Ping AJ: The properties and environmental behavior of oil
pollutants. Petrochemical Technology and Application 2006, 24:307–309.
doi:10.1186/1752-153X-6-92
Cite this article as: Guo et al.: Characteristics of petroleum contaminants
and their distribution in Lake Taihu, China. Chemistry Central Journal 2012
6:92.Open access provides opportunities to our 
colleagues in other parts of the globe, by allowing 
anyone to view the content free of charge.
Publish with ChemistryCentral and every
scientist can read your work free of charge
W. Jeffery Hurst, The Hershey Company.
available free of charge to the entire scientific community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours     you keep the copyright
Submit your manuscript here:
http://www.chemistrycentral.com/manuscript/
